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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which makes the dispersion liquid which distributed photoreaction nature 
semi-conductor powder (12) to homogeneity in water (1 1), The process which changes said 
dispersion liquid into a subcritical state or a supercritical condition, and irradiates light at said 
dispersion liquid, and disassembles said water (1 1) into hydrogen gas and oxygen gas, The 
process which removes oxygen gas from the water (1 1) containing said powder (12) of the 
subcritical state decomposed into said hydrogen gas and oxygen gas, or a supercritical condition, 
The manufacture approach of hydrogen gas including the process which takes out high-pressure 
hydrogen gas by reducing either or the both sides of the pressure of the remainder of the 
subcritical state which removed said oxygen gas, or a supercritical condition, or temperature. 
[Claim 2] They are remaining as it is or the manufacture approach of hydrogen gas according to 
claim 1 which is filtered and is added to dispersion liquid about drawing and the cooled residual 
liquor in high-pressure hydrogen gas. 

[Claim 3] The process which supplies water (41) to the 1st room (53) which is divided with the 
separator (52) on which the photoreaction nature semi-conductor metal plate (49) and the metal 
plate (51) which supports this were stuck, and faces said semi-conductor metal plate (49), and 
the 2nd room (54) which faces said support metal plate, respectively, The process which 
disassembles said water of the 1st room (53) into oxygen gas, and disassembles said water of 
the 2nd room (54) into hydrogen gas, respectively by changing said water of the 1 st room (53) 
and the 2nd room (54) into a subcritical state or a supercritical condition, respectively, and 
irradiating light at said semi-conductor metal plate (49), The manufacture approach of hydrogen 
gas including the process which takes out high-pressure hydrogen gas by reducing either or the 
both sides of the pressure of the water containing the hydrogen gas of the subcritical state 
produced in said 2nd room (54), or a supercritical condition, or temperature. 

[Claim 4] The manufacture approach of hydrogen gas according to claim 3 of adding this residual 
liquor to the water (41) supplied to the 1st room (53) and the 2nd room (54) after cooling the 
residual liquor which took out high-pressure hydrogen gas. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of irradiating light, 
photodissociating it in the water which the photoreaction nature semi-conductor powder of a 
subcritical state or a supercritical condition distributed, and manufacturing high-pressure 
hydrogen gas. 
[0002] 

[Description of the Prior Art] Conventionally light is irradiated at the water which contains the 
photoreaction nature semi-conductor of Ti02, Zr02, SrTi03, and K4Nb6017 grade as a catalyst 
under ordinary temperature ordinary pressure, water is photodissociated, and the method of 
generating hydrogen gas on a catalyst front face is learned (for example, JP f 7-88380,A t this 9- 
70533, this 9- 142804, this 10- 1301). 
[0003] 

[Problem(s) to be Solved by the Invention] however, by the above-mentioned conventional 
approach performed under ordinary temperature ordinary pressure ** Since the air bubbles of 
hydrogen gas are generated in the reaction mixture which hydrogen gas adheres to a catalyst 
front face, and reaction effectiveness falls, and contains ** catalyst and water, Since the 
phenomenon of the optical dissolution which a catalyst dissolves into reaction mixture when light 
is scattered about within reaction mixture, the permeability of exposure light worsens and light 
hits ** catalyst arises, In are necessary to supply a continuously new catalyst and manufacturing 
the hydrogen gas of ** high pressure, there are problems, like there is the need of pressurizing 
the generated hydrogen gas. The purpose of this invention is to offer the manufacture approach 
of hydrogen gas that a catalyst dissolves in reaction mixture, it does not lose, and high-pressure 
hydrogen gas can be easily manufactured at high reaction effectiveness. 
[0004] 

[Means for Solving the Problem] The process from which invention concerning claim 1 makes the 
dispersion liquid which distributed the photoreaction nature semi-conductor powder 12 to 
homogeneity in water 1 1 as shown in drawing 1 , The process which changes the above- 
mentioned dispersion liquid into a subcritical state or a supercritical condition, and irradiates light 
at the above-mentioned dispersion liquid, and disassembles water 11 into hydrogen gas and 
oxygen gas, The process which removes oxygen gas from the water 1 1 containing the semi- 
conductor powder 12 of the subcritical state decomposed into the above-mentioned hydrogen 
gas and oxygen gas, or a supercritical condition, It is the manufacture approach of hydrogen gas 
including the process which takes out high-pressure hydrogen gas by reducing either or the both 
sides of the pressure of the remainder of the subcritical state which removed the above- 
mentioned oxygen gas, or a supercritical condition, or temperature. Since the water 1 1 of a 
subcritical state or a supercritical condition has the outstanding diffusing capacity, the hydrogen 
gas generated on the front face of the photoreaction nature semi-conductor powder 1 2 which 
acts as a catalyst forms water and a homogeneity phase promptly. Consequently, adsorption of 
the hydrogen gas on the front face of a catalyst decreases, and hydrogen generation 
effectiveness increases. Moreover, in underwater [ of a subcritical state or a supercritical 
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condition ], since the solubility of the inorganic ion produced from a catalyst is very low, the 
phenomenon of the optical dissolution which a catalyst dissolves and loses in reaction mixture 
cannot happen very easily, and the deployment of a catalyst of it is attained. Moreover, high- 
pressure hydrogen gas is obtained, without establishing a special pressurization means. Invention 
concerning claim 2 is invention concerning claim 1, and as shown in drawin g 1 , it is remaining as 
it is or the manufacture approach of hydrogen gas which is filtered and is added to dispersion 
liquid about drawing and the cooled residual liquor in high-pressure hydrogen gas. The residual 
liquor which took out high-pressure hydrogen gas is reused as a part of dispersion liquid. 
[0005] The process which invention concerning claim 3 is divided with the separator 52 on which 
the photoreaction nature semi-conductor metal plate 49 and the metal plate 51 which supports 
this were stuck as shown in drawing 4 , and faces the semi-conductor metal plate 49, which 
faces 53 and the support metal plate 51 the 1st room and which supplies the 2nd room of water 
41 to 54, respectively, The process which disassembles the water 41 of 53 into oxygen gas, and 
disassembles the 1st room of the 1st room of the 2nd room of the water 41 of 54 into hydrogen 
gas, respectively 53 and by changing the 2nd room of the water 41 of 54 into a subcritical state 
or a supercritical condition, respectively, and irradiating light at the semi-conductor metal plate 
49, It is the manufacture approach of hydrogen gas including the process which takes out high- 
pressure hydrogen gas by reducing either or the both sides of the pressure of the water 41 
containing the hydrogen gas of the subcritical state produced in 54 the 2nd room, or a 
supercritical condition, or temperature. When light is irradiated at the photoreaction nature semi- 
conductor metal plate 49, water decomposes on the semi-conductor metal plate 49, and it is 
H20. + 2p+ -> 1/202 ** + It becomes 2H+ and the 1st room of oxygen gas occurs in 53. 
Moreover, when light is irradiated at the semi-conductor metal plate 49, water decomposes on 
the support metal plate 51, and it is 2H+. + 2e — > It becomes H2 ** , and the 2nd room of 
hydrogen gas is generated in 54. Since the water of a subcritical state or a supercritical 
condition has the high pressure, the collision frequency of the molecule of water and the support 
metal plate 51 increases, and hydrogen generation effectiveness increases. Moreover, high- 
pressure hydrogen gas is obtained, without establishing a special pressurization means. Invention 
concerning claim 4 is invention concerning claim 3, and as shown in djrewmgjl , after it cools the 
residual liquor which took out high-pressure hydrogen gas, it is the manufacture approach of 
hydrogen gas of adding the 1st room of this residual liquor to 53 and the water 41 supplied to 54 
the 2nd room. The residual liquor which took out high-pressure hydrogen gas is reused as some 
electrolytic solutions. 
[0006] 

[Embodiment of the Invention] In this invention, the subcritical state of water means the 
condition of the water which is 200-374 degrees C in temperature, and is in the pressure of 
1 60-21 5kg/cm2. Moreover, the supercritical condition of water means the condition of the water 
which is 374-400 degrees C in temperature, and is in the pressure of 21 5-300kg/cm2. A 
reaction is slow and the decomposition effectiveness of water is not good at under the lower 
limit of the temperature in a subcritical state, and a pressure. Moreover, if the upper limit of the 
temperature in a supercritical condition and a pressure is exceeded, a load is applied to a 
reaction container too much, and this is not efficient, either. 

[0007] The manufacture approach of the hydrogen gas concerning claims 1 and 2 of this 
invention is explained based on drawing 1 - drawing 3 . As shown in dra wi n g 1 , the 
photoreaction nature semi-conductor powder 12 of water (H20) 1 1 and a photocatalyst is put 
into the churning container 13, is agitated, and the dispersion liquid (reaction mixture) which 
distributed the photoreaction nature semi-conductor powder 12 in water 1 1 at homogeneity are 
prepared. The photoreaction nature semi-conductor powder 12 is a particle whose particle size 
of the structure where metallic oxides, such as titanium oxide, a zinc oxide, tungstic oxide, and 
cerium oxide, the compound metallic oxide of the Rb-Nb and Pb-Nb systems, etc. were 
supported on metals, such as a zirconium, platinum, and nickel, is 10-500 micrometers. The 
above-mentioned dispersion liquid are supplied to a tank 16 through a bulb 14. The dispersion 
liquid stored in this tank 16 are pressurized with a pump 18 through a bulb 17, and are heated by 
the pre-heater 19, will be in a subcritical state or a supercritical condition, and will be fed by the 
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reaction container 21. The aperture 22 which consists of ingredients which make the exposure 
light shown in the reaction container 21 by the arrow head of drawin g 1 penetrate, such as 
sapphire and a diamond, is formed. Although ultraviolet rays with a wavelength of 300nm or less 
are desirable as an exposure light, the light which has the wavelength beyond this can also be 
used. A mercury lamp, a halogen lamp, etc. are used as such a source of an optical exposure. 
The heater 23 which heats the reaction container 21 is formed in vertical both sides of the 
reaction container 21, and, as for dispersion liquid, this maintains a subcritical state or a 
supercritical condition in the reaction container 21. 

[0008] If light is irradiated from an aperture 22 in this condition at the dispersion liquid in the 
reaction container 21, light will decompose a water molecule in the front face of the 
photoreaction nature semi-conductor powder 12 of a photocatalyst, and as shown in a degree 
type, it will produce hydrogen gas and oxygen gas. 

2H20 -> 2H2 + After the dispersion liquid containing the hydrogen gas and oxygen gas which 
occurred with 02 reaction container 21 are taken out from the reaction container 21 and heated 
by predetermined temperature at a heater 24, they are sent to the deoxidation tub 26. In 
response to as shown in drawing 2 , while maintaining many predetermined spacing, and being 
arranged so that touch area with the as sufficient plate 27 of metals, such as oxygen and 
titanium which reacts, as dispersion liquid can be secured to the wall of the deoxidation tub 26, 
consequently dispersion liquid's passing through the inside of the deoxidation tub 26, the oxygen 
in dispersion liquid is removed for a metal plate 27 and oxygen. The dispersion liquid which are 
removed in oxygen and contain hydrogen gas are taken out from the deoxidation tub 26, and are 
divided into water and high-pressure hydrogen gas by being sent to the separation tub 29 of 
hydrogen and water through a bulb 28, and descending a pressure. 

[0009] The separated high-pressure hydrogen gas is sent and saved through a bulb 31 at the 
high-pressure hydrogen storage tank 32. The residual liquor which took out hydrogen and the 
high-pressure hydrogen gas by the separation tub 29 of water from dispersion liquid is sent to a 
filter 34, after being cooled with a condensator 33. Since the photoreaction nature semi- 
conductor powder 12 contained in residual liquor is the particle of structure which made metallic 
oxides, such as titanium oxide, support on metals, such as a zirconium and platinum, as 
mentioned above, after being used as a photocatalyst within the reaction container 21, the 
platinum of a support metal and the titanium oxide of a metallic oxide may dissociate, for 
example, and it may lose the function as a photocatalyst. In such a case, the support metal and 
metallic oxide which were separated are filtered and removed with the above-mentioned filter 34. 
The residual liquor which passed the filter 34 is pressurized with a pump 36, is collected by the 
tank 16, and is reused as a part of dispersion liquid sent to the reaction container 21. When the 
photoreaction nature semi-conductor powder 1 2 has not lost the function as a photocatalyst, 
after being cooled with a condensator 33, directly, it is sent to a pump 36 and the residual liquor 
which took out hydrogen and the high-pressure hydrogen gas by the separation tub 29 of water 
from dispersion liquid is pressurized without sending to a filter 34, it is collected by the tank 16, 
and is reused as a part of dispersion liquid sent to the reaction container 21. 
[0010] In the embodiment based on drawing 1 and drawing 2 , the deoxidation tub 26 is formed 
independently in the outside of the reaction container 21. However, it is also possible to form the 
deoxidation tub 26 inside the reaction container 21 at the reaction container 21 and one besides 
this. For example, as shown in drawing 3 , deactivator 37 may be formed in the outlet part in the 
reaction container 21, and the oxygen produced within the reaction container 21 may be 
removed. That is, many predetermined spacing is maintained and it is arranged at the wall of 
deactivator 37 so that oxygen and touch area with the as sufficient metal plate 38 which reacts 
as dispersion liquid can be secured, and in response to as an arrow head shows, while the 
dispersion liquid containing the hydrogen gas and oxygen gas which occurred with the reaction 
container 21 pass through the inside of deactivator 37, the oxygen in dispersion liquid is removed 
for a metal plate 38 and oxygen. Titanium etc. is mentioned as the quality of the material of this 
metal plate 38. The dispersion liquid which are removed in oxygen and contain hydrogen gas are 
taken out as an arrow head shows from the outlet of deactivator 37, and they are sent to the 
separation tub 29 of hydrogen and water through a bulb 28. 
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[0011] The manufacture approach of the hydrogen gas concerning claims 3 and 4 of this 
invention is explained based on drawin g 4 . As shown in drawin g 4 , water (H20) 41 is supplied to 
a tank 43 through a bulb 42. The water 41 stored in the tank 43 is pressurized with a pump 46 
through a bulb 44, and is heated by the pre-heater 47 ? will be in a subcritical state or a 
supercritical condition, and will be fed by the reaction container 48. The reaction container 48 is 
divided with the separator 52 on which the photoreaction nature semi-conductor metal plate 49 
and the metal plate 51 which supports this were stuck, consequently, the photoreaction nature 
semi-conductor metal plate 49 is faced — the 1st room faces 53 and the above-mentioned 
support metal plate 51 — 54 [ room / 2nd ] is formed. As an ingredient of the photoreaction 
nature semi-conductor metal plate 49, semi-conductor metals, such as Ti compounds, such as 
titanium, SrTi02, and BaTiO 409, and a compound of Nb system, are mentioned. Moreover, 
metals, such as platinum, a zirconium, nickel, and a rhodium, are mentioned as an ingredient of 
the support metal plate 51. the water 41 which changed into the subcritical state or the 
supercritical condition, and was fed by the reaction container 48 — the reaction container 48 — 
the 1st room is supplied to 54 the 2nd room with 53, respectively, the heater 56 which heats the 
reaction container 48 prepares in vertical both sides of the reaction container 48 — having — 
thereby — the reaction container 48 — water maintains the 1st room of a subcritical state or a 
supercritical condition in 53 and 2nd room 54. The aperture 57 which consists of ingredients, 
such as sapphire and a diamond, is formed in the reaction container 48. 

[0012] In this condition, if ultraviolet rays with a wavelength of 300nm or less are irradiated on 
the front face of the photoreaction nature semi-conductor metal plate 49 from an aperture 57 
as an exposure light, a water molecule will be decomposed in the front face of the semi- 
conductor metal plate 49, the 1st room of oxygen gas will occur in 53, and hydrogen gas will 
generate the 2nd room of light in 54. Since 54 [ room / 2nd ] is divided with the separator 52 
with 53, the 1st room of the oxygen gas and hydrogen gas which were generated are not mixed. 
The 2nd room of the water containing the hydrogen gas generated in 54 the 2nd room is taken 
out from 54, and it is divided into water and high-pressure hydrogen gas by being sent to the 
separation tub 59 of hydrogen and water through a reducing valve 58, and descending a pressure. 
The separated high-pressure hydrogen gas is sent and saved through a bulb 61 at the high- 
pressure hydrogen storage tank 62. After being cooled with a condensator 63, the water 
separated from hydrogen gas by the separation tub 59 of hydrogen and water is pressurized with 
a pump 64, is collected by the tank 43, and is reused as some water sent to the reaction 
container 48. The 1st room of the water containing the oxygen gas which occurred in 53 the 1st 
room is taken out from 53, and it is divided into water and oxygen gas by being sent to the 
separation tub 66 of oxygen and water, and descending a pressure. The separated oxygen gas is 
sent and saved through a bulb 67 at the hyperbaric oxygen storage tank 68. After being cooled 
with a condensator 69, the water separated from oxygen gas by the separation tub 66 of oxygen 
and water is collected by the tank 43, and is reused as some water sent to the reaction 
container 48. 
[0013] 

[Effect of the Invention] As stated above, according to this invention, the dispersion liquid which 
distributed photoreaction nature semi-conductor powder to homogeneity are made in water. 
Change these dispersion liquid into a subcritical state or a supercritical condition, irradiate light, 
and water is disassembled into hydrogen gas and oxygen gas. Oxygen gas is removed from the 
water containing the photoreaction nature semi-conductor powder of the subcritical state 
decomposed into hydrogen gas and oxygen gas, or a supercritical condition. Since high-pressure 
hydrogen gas was taken out by reducing either or the both sides of the pressure of the 
remainder of the subcritical state which removed oxygen gas, or a supercritical condition, or 
temperature The hydrogen gas generated on the front face of the photoreaction nature semi- 
conductor powder which acts as a catalyst forms water and a homogeneity phase promptly, 
adsorption of the hydrogen gas on the front face of a catalyst decreases, and hydrogen 
generation effectiveness increases. Moreover, the phenomenon of the optical dissolution which a 
catalyst dissolves and loses in reaction mixture cannot happen very easily, and the deployment 
of a catalyst of it is attained. 
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[0014] Moreover, according to this invention, it is divided with the separator on which the 
photoreaction nature semi-conductor metal plate and the metal plate which supports this were 
stuck. Water is supplied to the 1st room which faces a semi-conductor metal plate, and the 2nd 
room which faces a support metal plate, respectively. By changing the water of the 1 st room and 
the 2nd room into a subcritical state or a supercritical condition, respectively, and irradiating 
light at a photoreaction nature semi-conductor metal plate, disassemble the water of the 1st 
room into oxygen gas, and the water of the 2nd room is disassembled into hydrogen gas, 
respectively. Since high-pressure hydrogen gas was taken out by reducing either or the both 
sides of the pressure of the water containing the hydrogen gas of the subcritical state produced 
in the 2nd room, or a supercritical condition, or temperature, the collision frequency of the 
molecule of water and a support metal plate increases, and hydrogen generation effectiveness 
increases. Furthermore, high-pressure hydrogen gas is obtained, without establishing a special 
pressurization means. 



[Translation done.] 
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precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawi ng 1] The block diagram of the manufacturing installation of the hydrogen gas of this 
invention. 

[Drawing 2] The block diagram which explains the structure of a deoxidation tub with the 
equipment of drawing 1 . 

[Drawing 3] The block diagram showing the embodiment which formed deactivator in the interior 
of a reaction container. 

[Drawing 4] The block diagram showing another embodiment of the manufacturing installation of 
the hydrogen gas of this invention. 
[Description of Notations] 

1 1 41 Water 

12 Photoreaction Nature Semi-conductor Powder 
16 43 Tank 

21 48 Reaction container 
26 Deoxidation Tub 

29 59 Separation tub of hydrogen and water 

32 62 High-pressure hydrogen storage tank 

49 Photoreaction Nature Semi-conductor Metal Plate 

51 Metal Plate 

66 Separation Tub of Oxygen and Water 
68 Hyperbaric Oxygen Storage Tank 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLeije 



2005/03/14 




(19)B*BfcfW (J P) (12) & §3 i^f & ^ (A) (ll)#?WHgi&B## 

#^¥11-278801 

(43)&BB0 ¥fiEll¥ (1999) 10^120 



(50 into." mmn F I 

C 0 1 B 3/06 C 0 1 B 3/06 

3/04 3/04 A 



m&m3i. *8S5ft fS*«[CD«C4 OL (£ 6 H) 



(21)tiJH## 


#K¥10-83494 


(7DWSA 


000006264 










(22)tfHK0 


^10^(1998)3^300 




KSCSFF «fflK^:^IIT lTI5Slf 






(72)589!# 


SOJ St 








3e«lRSP^lPiBBgBrA^(^UJ^AAai002 








SifiCDH ~&^iri)7)vms£$mmx. 














(72)«93# 


nm *& 






























(74)fSBA 










«*jctaR< 



(54) [&W©£*I0 *S&#X©S«6#*ic 



[ SJifc^K ] * 1 1 {c*Sl6tt^W*»* 1 2 
J»©aaJ©EE*X«fi«©«r»-rh*>-*X«:5!W*fiT 




(2) 

1 

JH*^8JlB»*Ci2>*£<Kk cm*» 6BBR*^ £HXB& 
<Xg£. 

mriaig^^x*m^t^cffii^^x«ei§^fis©^ 10 

Cite J; 9 iSK©7k^#X SrSXtinrxfli £^fr*5&# 
*©Sji?j?£. 

i mmm 3 ] (49) i c n 

mi a^##n« (49) tcfflT s is m ( 53) t mi&m& 
MS(cs-r^^2^(54)(c-e-n^n*(4i)?:«jA-r?,x 20 

Hi. 

ffiszm 1 ^(53)RO*H2^(54)©7K ; &**a^4affigi^t*: 

«gx«sisg^ttMcc l fr-omm^mte&mtii (49)K#& 

MM-fZt itc J: K> mtim 1 ^(53)©7k£$SI#;UCiiJ 

2 ^ ( 54)©7K?: tK^x tc n-en^-r ^> xg 

mflBII 2 ^ (54) D /cffiBg#tt^X«®ES^8l©7K 

#£ffiT $ H** C £ J: 9 igE©7K^^X ^MUtTX*! 
££^t?7k^#* ©!&*:£& 30 

fcfg. C©g|?8t£Sfl 1 M(53)R^2^(54)K:^-r.S 

7k(4i)«: jn^sii^ 3 ia*g©7k***^©S5!i»^& 

[0001] 

[fp^©jiTrs8r##if] ^Bj«SEgw«sgx«ffi^ 

[0002] 40 
[t£fc©8rd5] ^S^E©T-CT i O,. Z 

rO„ SrTiO,, K< N b 6 0 17 5?©#J£l£;tt¥i»{* 

#X£fc&«SglH-C^£3 1+^^*573] 6 tire »S (PJS. 
tt\ #13^7-883 80. |a]9-7053 3, ISI9- 

14280 4, 010-1301). 

[0003] 

«fOfSl5^*5(STL/, ©S4SSi7k^#tfSJt>?gifCC 50 



1 -2 7 8 8 0 1 

2 

*fc©iSffi©7k^X^$Sjt-r-5>ti^-CC«. ^LfcTk 

^*fx>&»nE-rs^s*s*^©pggi*i$>s. *is^© 

^^SJSS»^-CSlCCia[)I©7K3R^X*t8Jg-C* £7k5SI 
#X©S£j§;£)££ffi«T£C£K:&-S„ 
[0 004] 

1 KSW * 5 CC. tK 1 1 K3tSi6tt2|4aKM»3ls 1 2 
7k 1 l*7jcSS^iK3R^^«:»J)?-j-SXgi. XIB7K 

mx*. i &38#* l K.EMfflmx.it*mmmR.i&i 
(Dmmwmm 1 2 £#t*7i< 1 1 *>6®>*#;*£iRBfK i 

.«©gisi5©JEEt>XBSg©t,>-rn*>— ^rxtt)R^r%iST 

;* £ C <h (c <fc 9 iSE©*3?S#* *KHl-r Xfii £^t? 

©7k 1 1 imntcm.%tf&t>*m?2>tcib, mmt bx<* 

M-©7k^^X©ERlfB^^< ft 9 

■T a . * fcfflEH^SSXttiBlig!? t<ai©7k*-Ctt)ifti«*> 

e>^c *>©s»a*ts»-c{st,^», tm& 

<D£&mtffiMLX. ^tJ!)«(Ctt^.-5>7k^*'^©S{^ 

sutoxmmmztiz. 

[0 00 5] rt^3K^-2,^ttja4(C^-rj: i 5{c. 

Aife D ^to $ ftfcHISWS 5 2 rf±^J 6 4 
9 icWTZm 1^5 3 iiif#^)l«5 lfCE-r-5Sfl2^ 

5 4fc-en-en7k4 i4«*&r*xei, iig53s 
^f2i5 4©7j<4 i ^ti^n^mmKi&xim^ 
vtmic b ir>i¥m»&m& a 9 k%*was z> c <t tc ^ 

001^5 3©7k4 1 *SE^^^2^5 4©7k4 1 
Z*&#Z<,CZti?tiftM?ZT.mt> f215 4t4 
t A:ffi^tt»X«iHBB!ltt«0*3R5!/^ <!: *$t?7k 4 

ciuo iSiE©*^^ zmm-riLmt z-gUTumtr 

H 2 0 + 2p' - 1/20, T + 2H* 



3 

^R«4 9«:**J«»*r*<t. SJ3&MK5 1±"C*36» 
2H* + 2e" - H, T 

#J1155 1 £©»53S«ffiattB*U *3s£j&$mtfi* 
-T £ . * td&M0MK¥&*:&V} S C i % < HE©** 

o/c^si^ip L.fc^> c <zmm*m 1153 s^m 2 

^5 4«:«J&-<r£*4 1 KJtoiJWRtf^iBSttrffi'r 

[0006] 

[»W©aBS6©»fl» 43MUc*(,»r. *©ffiBWHtt» 
tB20 0~3 74 , COilgt?*-21 6 0~2 1 5kg 
/cm'CEE^KaS*©^**!*-*-*. $)t*©jS 
Eg|?^i«3 7 4-4 0 0*C©S@f-r3!^o2 1 5-3 

0 0 k g/cm ! OE*(cS>5*©ttiS4.f ffi 

*«KRtfEK>©±IRifi*iH*. * £El£SSK::ftflr# 

[0007] itfrnontfaa 1 &tf2 cc^s***/*© 
sfis^ft^s i ~~m 3 (ca-^rBwr*. s i ton* 

i^lc. *(H.O) 11 i*W»cweS(6tt^|fla|» 

*i 2*^^gi 3ka*i»#1/t:. *i ltcjtsie 

■M?*. «Sl6tt*ii»»* 1 2(JHtf$>, 8Mb 

^Rb-Nb, P b - N b &<D&^mm{tW$ifiV> )\> 
a -9 A, a#. is»^r^©^JS5±(CJi^snfc»3§ 
©&&# 10-5 0 0 fim©i»Sf-C*5. ±IE#ifc?« 

tfc<*^i 4%/M^-CTKtii 6«:e«&sns. c©*t§ 

1 6{cBtiiE.tifc^-i5c?SB>'^y 1 7 5r^-L-C7j<>^l 
8-COTE3*i, rfooT'ut-* 1 9TM»i**vrffiHIf?t 

s. stoss2 iKttHio*Hirw-riM***aas 
■tm&ztixi,**. mmytt uxim&3 oon m«T 

©±TWH«:«:J50fcgig2 l fcftWWfi t - * 2 3 #R 
W^n. eft(c«fc9Kl£2g&2 lrtC*Jl>t»MBI 

[0 00 8] C©ttSgCCtoUT3fe : &S2 2*^Jgf£^H 



(3) 1 1 -2 78 80 1 

4 

2H.O — 2H, + O, 

mut&j&ss 2 1 *> ^ma $ n . t-^24 rBfjea 

>5$©£«©«2 7 *J»tt«t+»tt«»ffi8l%««r 
©*§*> #tjRK*sjBiK*«2 6 ftzmm? zmc&miR 

io 2 7 i|«*SrtS0'C»«iBEiti©M«#i|»*3n4. Bft 
SR&BfcSS ttT*S#X£dt?#ffcffittll»Kaiffl! 2 6 #> 

^a66tvrBE*%l*T-r*C<b«:J:»)*4JSffi©*«3t/ 

[0009 ] ^6i$n/ciiSE©7KS^*X«M'jl/-7'3 1 £ 
^0TiSffi*£B?»ffi3 2fcjM6ftT£S¥i**l5. ** 
<t*©#gf«2 9^*flE©**:tf;***MK**6Bliai/ 

;fcg|?&ttftipg§ 3 3 r^ip S titcm, y ■< )\> 9 3 4 &c3f 

20 ^©«fc5«cBMb^*>^©^«^biB»*^i'3^>>A. 
&£3s©3-«_bfciIf3F 3 #/t«3i©atl^-T* 5 . 

«. mtfJ§^£M©a#£#JSl^b%©i£{b^*><h 
^iSLr^W^i Lr©«lffi«:BBfeTSS^*i*4. 

e©J: 5 ^tsfc&J5&M<h&MBMH*« 
±ia7^;u^3 4r«jSL-cmo»< < , 7^^344 
iijftb^iK«^>^3 6rflnaE;*ftT7j<ti 1 6 SCUiR 
3ft, 1 ^j£6ft-&#f$a£©— »iOrWW 

fflSn*. 1 2*37t:M^<!:Or©tS 

■C&ipSftfcSL 7 ^;U^3 4tcSI6^l^-Cia}gK:^> 
:/3 6*c£6*iJjffiE<**VOMil 6«C[5|iR3tl. SJCc^f 
§2 l^iM6ft£##fc&©-^<tbTW*iJffl;*ft&<, 
[00101H1 &Cfei2 (cg-3< Hifi88ait?«l!»K3R 
«2 6BJSiS^fg2 l©i1-WJK:?4SiL/rSW6n4. o 
*»IC n«i4K: ^^KE^ffl 2 6 ^rSJS^S 2 1 ©f^fflijtc 
SJSSS2 1 <h-ft(ctS;t-t2>cifcBl#8-C*.S. m« 
H3 (C^-TJ: 5 K. SJtr^fg2 1 F*3©ffiPg|5^CK^ 

§g2 l-C#6^0fc**3!/^SC«»^4*t*»ISt« 

H^3 8 iiBR*JSJ6L.r»|««1'©MR36«l5ft*3ti 
S. C©^«3 8©«^iL/-C«^^>^*s^CfP,n 

g3 7©tHn^?>^Ent , ^T«fc^ic^tHsn. 7^u^2 

50 8 4^^-C7jcSgi*©^Bt«2 9^6*15. 



(4) 

5 

[0 0 1 1 ] *^©sff^3Ri>-4(C^S*^^© 

K. 7k ( H, O) 4 1 <fc7N-.il/ ^4 2£:/M,-C7kti4 3 it 
7KH4 3icHfx.6*lfc*4 1 a7-?;U^4 4* 

ftuxijoy'A 6-vmi£$n. ^7>t-?4 7-ejn 

8KBBSi*na. £J£^4 8 «^j£tt^i£f*£SMg 
4 9ic4a*tHJ#-r^>#rai«5 1 3 tifcHMI 

4 9 ICWT&m 1S53 t±IBffl^S« 5 1 Kit & 10 
Ki2^5 4jW^(S3ti4. 3fl5J£tt¥£f*&JS«4 9 © 
tmilttt?$>, SrTiO,, BaTiO.O.ft 
i'CDT i <fc^«^>N b»<CXt^ft*0*»#fi«*s*tf 

s^a. i 5 ^, ay^A3?©#ja*i^if6ns. 
m&mmximmnvm t*-, rstsss 4 8 {cess 

3nfc7k4 1 «&J#gg4 8©3I1S5 3 £»2S5 4 

fc-e-n^nfit^sns. si6ifS4 8©±Tii®«cttS 

I&SS4 8&Jjngfr&t-£5 6*s»»6tl. cntcj: 
t ?SIt^S4 8©lllM5 3S.C>'m2M5 4F ( 9{£:te(,^-C 20 

[0012] C©«.H(Cfca>-C, flSttfti 1/TWii.B, 
iftft 3 0 0 n mJWT©»j*»*SS 5 7 *» 6#Kl£tt¥* 
#&*«4 9©3IMK:JKW*-S£. 3fc«*#<*&IS«4 
9©*E{C*Jl>-r*'» : ?-*55'WL/T»1^5 3(C&SB# 

5 3 £Jg2^5 4«BIB«5 Z"CfWJ6t»ri,>4fc«>. 

is* l lemma * t at® d o ^ 5 c £ t* & c > . 30 

^2^5 4-C^L//c*^^X?r^t?7K«^2^5 4*^ 
&BHH3*i. i&IE#5 8*rt-t/-C**£*<WH*«5 9 
^3* <=>nr E2> £P$t-T £ C £ tc «fc 0 7k£ iiSJBDTk^tf 
x(t#JBi*nS. «-«t3tifeiS)I©7KjR^Xtt7<^^6 
1 «/My-riSE*3R»®EtS6 2{cai6nT:«??3n<5. 

5 9 r*SR^*>6»«3tifc*B?& 
*»6 3"C?*SlS*lfcfft. !K>^6 4t?ftjEESnr7jc«l 
4 3CC|elJR§n. SlEgg4 8^jM6nS7j<©— SUiL/ 

7k«01^5 3*>6B5(t±lSn. ^£7K©»gtti6 6^ 40 

Sfifcft. *«4 3KHJR3ti. £J&§S4 8^jM6n 
57k©-Si5£ L/-CW^Jffl$nS. 
[0 0 13] 



«f I8¥ 1 1 -2 78 8 0 1 
6 

C^ffliSlfit>t®X«fflBSIftfc«©«SP©BE*X«SS© 
l>-rti3&»-*Xta50O5r*<fiTS #4 C £(c «t 0 ig[EE©7k 

7k£i*J— ffi*JBls5U Mi«^®-^©7k^**X©qR#ttr^ 

feB«©WS»Wffi*«nJ«g £ s. 
[0014] *fc#IMII«:J:ntf. #KJ£te¥j»#:£Bi 

«£ cti*m&Tz&mfofim k> &t>2titcmm&xi± 
wen. ¥*»^JS««:ffi-rs»i^£a^^)i«K:ffi 
-f&Jg2SK:-5-n:en7k£{ftf£u siiSDff2io 
Tk^-e-n-enffiBgist^jsxttiBEiitKssK: u^^ests 

tt^l^W^sfeiHeK^iJISH-r 5 C £ tc J; 0 Hi £©*£ 

^^xicH2M©7k^7k^xtc^-n^n^L. ^ 
2 mx£. c tcmimimRimmmm(07iim*f^^ 

SC £«:«fc 0iSE©7ksS^X4iRtH-r .fc^tcu/c©-^ 
7k©#T-£fi^#JS«£©«SS«g#t£*U *3R^fi6 

kee©***/* *5f# e> ns . 
[h i ] #&9§©*f&#*©i«®i&g©#iiXig. 

[B2 ] H 1 ©^at?ll»K3R«©«jS«rittHJ^-S«fiS 

Ho 

[03] JttKSRi^*SJS^g©rt8P«:|S:wrc||J6SS« 

[04] *£SH©*sR#*©«&§ss©80©fi&!g«* 
11,41 7k 

1 2 %KS&tt¥*tt&5g 

1 6,4 3 7k« 

2 1.48 JSflSSS 
2 6 RB^tf 

2 9,5 9 7k^£7k©^SHl 

3 2. 6 2 i85JE7k^Bf)S« 

4 9 *JSJ£tt*^tt^JSffi 

5 1 gflftit 

6 6 K3R£*©»atffi 
6 8 iSEK^Bf^tt 



(5) 



$$Bfl¥ 1 1 - 2 7 8 8 0 1 



[HI ] 



13 29 34 




[H2] 



7T7 



a: 



/ 
/ 
/ 
/ 

/ 



/ z% / / / 



2s krsr* 



27 




[MS] 



-21 



38- 



-22 
-37 



<38 



37 
38 



(6) 



«fBB¥ 1 1 -2 7 8 8 0 1 



[H4] 



41 * 49 3fc£J£te**#^«C**V) 54 #23 

43 51 59 

48 52 W«« 82 Km*«^JR» 

53 »1S 63 KNPS 




^^IW8l5SP5JfflTA? : ^]aj^7AA9ll002 ^^SB^»SPi?Wr^[nlUj^7AAffil002 



